Unexpected and unprecedented directed remote lateral lithiation at one CH(CH 3 ) 2 of the 3-(2,6-di-isopropylphenyl) wingtip took place upon the reaction of functionalised N-heterocyclic carbene-type molecules with excess of LiCH 2 SiMe 3 , leading to dilithiated dianionic 4-amido-N-heterocyclic carbenes. DFT calculations show that the nature of the isolated species are under thermodynamic control.
Organolithium species, formed by the reaction of a lithiating reagent (e.g. alkyl Li) with C-H bonds of a (hetero)aromatic ring that is substituted by a directing group G, are at the core of a powerful synthetic methodology for the selective functionalisation of aromatics by metalation/lithiation. [1] [2] [3] G can direct deprotonation-metalation at various types of C-H bonds (as summarised in Scheme 1), most importantly adjacent aromatic C-H bonds (ortho-metalation), benzylic C-H bonds of an alkyl substituent ortho-to G (lateral, exocyclic metalations) and exocyclic C-H bonds at remote positions, including C-H bonds at neighbouring aromatic rings. The regioselectivity of lithiation, dictated by the competition of orthovs. lateral-and ortho-vs. remote-lithiation is dependent on many factors, e.g. the nature of alkyl Li, temperature, solvents, co-ligands etc. 4 The role of polymetallic aggregates on the regioselectivity control in directed metalations has been reviewed, 5 while superbasic reagents produce mixtures of metalated products after long reaction times. 6 Directed remote lateral benzylic deprotonation leading to isolable carbanionic lithium complexes is unknown. The derivatisation of imidazole-type NHC molecules via direct metalation followed by quenching with electrophiles is attracting current interest since the report on lithiation of IPr (IPr = N,N 0 -bis-diisopropylphenyl-imidazol-2-ylidene) at the C4 by n-BuLi 7 and the related direct zincation by alkali metal mediated zincation. 8 Backbone metalation of the imidazole C4 in amido-functionalised NHC complexes of lanthanides by potassium reagents leading to heterometallic potassium lanthanide aggregates was also reported. 9 Herein, we report unprecedented directed remote lateral lithiation at one o-CH(CH 3 ) 2 of a DiPP wingtip in NHC-type molecules. The reactions are fast and quantitative in THF at room temperature, which is to be contrasted to the widely known disfavored lateral lithiation at alkyl-substituted benzylic positions, ascribable to steric and electronic reasons. The only examples of lateral benzylic lithiation of o-iPr to form tert carbanions have recently been reported. 10, 11 Reaction of the tautomeric mixture of 4-amido-imidazoliums ( Li atoms is completed by THF co-ligands. Remarkably, and in contrast to the NHC ring metalation examples cited above, 7, 8 the second equivalent of Me 3 SiCH 2 Li did not metalate the remaining endocyclic C-H but rather the remote lateral CH(CH 3 ) 2 of the DiPP ring.
The angles at Li1 are affected by the formation of the chelate ring (i.e. short Li1-C NHC and unequal angles at C NHC ). The planarity at the N exo is consistent with an amido functionality bound to Li2, which also interacts with the C ipso of the metalated ring (ca. 
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View Article Online of a distorted lithia-cyclopropenyl ring involving the C-CMe 2 unit. Similar distortions were observed in the only other metalated DiPP ring reported recently. 10, 11 Diverse types of directing groups have been studied in conjunction to C-H lithiations, including electrophilic (e.g. sec and tert amides -C(QO)NHR, -C(QO)NRR 0 , esters C(QO)OR, acids C(QO)OH, imidazolines, etc.) or non-electrophilic (e.g. -OR, -NH 2 , -NHR, etc.). 15 Insight into the nature of the directing group involved (Scheme 3) and the factors responsible for the formation of 3 Cy and 5 t-Bu-Ph was gained by DFT studies.
Starting from the tautomers 1 R and 2 R (R = Cy, 12 Ph 16 ), the energies of the products obtained by the sequential reaction with one and two LiCH 3 (THF) 2 were computed (Scheme 4). For both substituents the most stable products from the first lithiation were the amido-carbenes 8 R , after N exo -lithiation of the 2 R tautomers. In the subsequent lithiation, for R = Cy, 3
Cy (Li* bound to C NHC ) is the most stable, while for R = Ph, 10 Ph (Li* bound to N exo and two THF molecules/Li) is slightly more stable than the 3 Ph analogue. Addition of one more THF ligand to the three coordinate Li of 3 R and 10 R confirms that 5 Ph is the most stable for R = Ph. These results agree with experimental data and suggest that the nature of products is controlled thermodynamically. Since for R = Ph, the most stable species after the first lithiation cannot be considered direct precursor (e.g. by sequential deprotonation) to the observed product, (an) equilibri(um)a along the reaction path should be established to account for the final result. This hypothesis was tested by calculating the transition state between simplified models of 3 R and 10 R . The low energy barrier between these two isomers (5.4 kcal mol
À1
) demonstrates that, independently of the reaction pathway, the most stable isomers are accessible as products (see Fig. S8, ESI ‡) .
In contrast to the common metalation of the o-methyls of the mesityl wingtips in NHC complexes, metalation of -CH(CH 3 ) 2 of the DiPP wingtips leading to -CH(CH 3 )(CH 2 M) is also very rare. 17, 18 The unique reactivity described herein involving -CH(CH 3 ) 2 metalation of the DiPP wingtips opens new perspectives, in particular in view of the widespread use of this substituent in NHC chemistry. Metal catalysed functionalisation of the i-Pr of the DiPP to allyl or alkene complexes, via initial C-H metalation has also been rarely observed. 19 For comparison, when organopotassium bases in excess were reacted with the analogous tautomeric mixture of 4-amidoimidazolium and 4-amino-carbene, remote metalation did not occur and the excess of base (benzyl potassium) was incorporated into an organometallic copolymeric structure. 12 In conclusion, we have described unprecedented lithiation reactions of the tertiary C in CH(CH 3 ) 2 of the DiPP wingtip in a remote substituted amido NHC, and rationalised the observed reactivity and regioselectivity by DFT methods. The scope of the reaction, its underlining mechanism and its potential as a tool for accessing new NHC ligands and complexes is now being studied in our laboratory.
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